Tritium, a hydrogen isotope of significant importance, is generated by neutron irradiation of Tritium Producing Burnable Absorber Rods (TPBARs), which are specifically designed to produce and capture tritium [1, 2] . A schematic of TPBAR is given in figure 1 (a). Inside each TPBAR there are lithium aluminate pellets, enriched in 6 Li that produces tritium upon neutron irradiation. Tritium is then absorbed by a Zircaloy-4 getter tube that surrounds the LiAlO2 pellet. These components are encapsulated inside a stainless steel cladding which is expected to prevent the diffusion of tritium towards outside. Understanding how various elements in each component gets redistributed under neutron irradiation is a challenging task since it involves quantitatively analyzing changes in distribution of light elements like Li, H isotopes, He, O and other heavy elements. Most traditional characterization methods including electron microscopy and diffraction studies using X-rays do not have sufficient sensitivity or spatial resolution needed for this study, especially when it comes to light elements. Hence in this work we utilized Atom probe tomography to systematically analyze the solute distribution in both as-fabricated and irradiated TPBAR components to obtain a comprehensive understanding of the microstructural evolution under irradiation.
Tritium, a hydrogen isotope of significant importance, is generated by neutron irradiation of Tritium Producing Burnable Absorber Rods (TPBARs), which are specifically designed to produce and capture tritium [1, 2] . A schematic of TPBAR is given in figure 1 (a). Inside each TPBAR there are lithium aluminate pellets, enriched in 6 Li that produces tritium upon neutron irradiation. Tritium is then absorbed by a Zircaloy-4 getter tube that surrounds the LiAlO2 pellet. These components are encapsulated inside a stainless steel cladding which is expected to prevent the diffusion of tritium towards outside. Understanding how various elements in each component gets redistributed under neutron irradiation is a challenging task since it involves quantitatively analyzing changes in distribution of light elements like Li, H isotopes, He, O and other heavy elements. Most traditional characterization methods including electron microscopy and diffraction studies using X-rays do not have sufficient sensitivity or spatial resolution needed for this study, especially when it comes to light elements. Hence in this work we utilized Atom probe tomography to systematically analyze the solute distribution in both as-fabricated and irradiated TPBAR components to obtain a comprehensive understanding of the microstructural evolution under irradiation.
The TPBAR components both before and after irradiation were sectioned and prepared for FIB lift-out using various procedures, to minimize the contamination resulting from the radioactivity of these materials as well as to ensure that the materials are not modified by the sample preparation procedures. Then using a Helios FIB based lift-out and annular milling, APT needle specimens were prepared in PNNL radiochemical processing laboratory. The APT data was collected using CAMECA LEAP 4000 XHR Atom probe tomography system.
The ion map of LiAlO2, Zircaloy-4 and 316 stainless steel cladding in the as-fabricated and after irradiation state are provided in figure 1(b) . Detailed mass-to-charge spectra analysis of LiAlO2 pellets after irradiation revealed clear presence of tritium in the form of a distinct peak at 3Da after irradiation as shown in figure 1(c) . Additionally the analysis of 6 Li and 7 Li isotopic ratio revealed the ability of APT in measuring the 6 Li enrichment quantitatively both before irradiation and how it changes after irradiation. The APT analysis of Zircaloy-4 before irradiation, after H loading, after Deuterium loading and after neutron irradiation highlighted distinct difference in mass-to-charge ratio spectra. The comparison of APT results from 316 stainless steel cladding before and after irradiation revealed significant irradiation induced precipitation and presence of trace amount of tritium. These results provided comprehensive understanding of how individual element distribution in each TPBAR component changes as a result of irradiation while additionally revealing the spatial distribution of hydrogen isotopes.
